A preliminary survey was conducted to determine the prevalence of some tick-borne haemoparasitic diseases (TBHDs) and their effects on the haematological parameters of sheep and goats in Maiduguri abattoir. A total of 200 blood samples were collected from sheep (n = 100) and goats (n = 100) from November 2015 to May 2016. Giemsa stained blood smears were prepared and examined under light microscope, to screen for haemoparasites. Packed cell volume (PCV) was determined by microhaematocrit centrifugation technique while haemoglobin (Hb) concentration was determined by Sahli's method. The total white blood cell (WBC) and red blood cell (RBC) counts were estimated with Neubauer hemocytometer while erythrocyte indices were calculated. The results showed 13.5% overall prevalence of tick-borne haemoparasitic diseases in sheep 13 (6.5%) and goats 14 (7.0%). There was no significant (p>0.05) differences in prevalence of haemoparasites between sexes and age groups of sheep and goats. Anaplasma ovis and Babesia ovis were identified in the study of which A. ovis [23 (11.5%)] was higher (p<0.05) than B. ovis [2 (1.0%)]. A single co-infection of A. ovis and B. ovis was encountered in sheep. The mean values of PCV, Hb and RBC counts of infected sheep were lower (p<0.05) than the uninfected sheep. Similarly, the mean values of Hb and WBC of were significantly (p<0.05) lower in infected goats. This stud has reports important tick-borne haemoparasitic diseases in sheep and goats. We recommend tick control using suitable acaricides, periodic screening and treatment of small ruminants in Maiduguri.
INTRODUCTION
Sheep and goats are common household livestock in Nigeria. They are particularly important in the northern region, where a greater proportion can be found (Blench, 1999) . Generally, three breeds of goats (Sahel, Sokoto red and West African dwarf) and four breeds of sheep (Balami, Ouda, Yankasa and West African dwarf) are recognized in Nigeria (Blench, 1999) .The socio-economic importance of sheep and goats varies in different parts of *Corresponding author. E-mail: bpaulgadzama@unimaid.edu.ng. Tel: +23480695940333.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License the country, but they generally have agricultural, cultural and economic values (Lawal-Adebowale, 2012; Adamu and Balarabe, 2012) . Most commonly, their flesh is recognized as sources of protein for human consumption, and their hides and skin also generates revenue (LawalAdebowale, 2012) .
The productivity of sheep and goats in the Sahel zone of Nigeria is threatened by diseases and inclement weather conditions. Among parasitic diseases, subclinical gastrointestinal parasitism is responsible for great economic losses (Singla, 1995; Singh et al., 2017a, b) . The incidence of parasitic infections with special reference to tick-borne intracellular haemoparasites of the genus Anaplasma, Babesia and Theileria has been linked with significant losses in productivity of small ruminants in the tropics and subtropical areas of the world (Soulsby, 1982; Jatau et al., 2011; Adamu and Balarabe, 2012; Demessie and Derso, 2015; Salih et al., 2015; Sumbria and Singla, 2017) . Anaplasma species are mainly transmitted by various species of the genus Amblyomma, Dermacentor, Ixodes and Rhipicephalus (Soulsby, 1982) and occasionally by biting flies of the genus Tabanus (Radostits et al., 2007) .
The disease is caused by Anaplasma ovis in small ruminants and is characterized by anaemia, high fever, weight loss, breathlesness, incoordination, abortion and death (Khan, 2005) . A. ovis has a worldwide distribution and is responsible for huge losses in sheep and goats stock, with considerable impact on the economy of developing countries in tropics and subtropics, which rely heavily on small ruminant production (Rymaszewska and Grenda, 2008) . Babesiosis in sheep and goats is caused by Babesia motasi, Babesia foliata, Babesia taylori and Babesia ovis (Soulsby, 1982) . In sheep and goats, the disease is characterized by fever, anaemia, icterus, haemoglobinuria, anorexia, and death (Demessie and Derso, 2015) . Other species of haemoparsites such as Theileria hirci (Metenawy, 1999) , Theileria ovis (Okaiyeto et al., 2008) , Trypanosoma vivax, T. congolense and T. brucei (Samdi et al., 2008) have also been reported in small ruminants in Nigeria.
Sheep and goats contribute significantly to food security and value chain of the Nigerian economy (LawalAdebowale, 2011), but their productivity is threatened by ticks and associated haemoparasitic diseases, especially Babesiosis and Anaplasmosis (Okaiyeto et al., 2008; Jatau et al., 2011) . This study was therefore conducted to investigate the prevalence of tick-borne haemoparasites and the associated changes in haematological parameters of slaughtered sheep and goats in Maiduguri abattoir.
MATERIALS AND METHODS

Study area
This study was conducted in Maiduguri, the capital city of Borno state, located in the Sahel savannah zone of North-eastern Nigeria, between latitude 11°50′48″N and longitude 13°09′25″E of the equator. The climate of Maiduguri is characterized by a short period of rainfall from June to October, followed by a long period of dry season for the rest of the year (Hess et al., 1995) . Sheep and goats are among the important household livestock in Maiduguri and its environs. They are mainly raised under traditional semi-intensive or free-range management systems in low income communities ( Figure 1 ).
Sample collection
A total of 200 blood samples was randomly collected from sheep (n=100) and goats (n=100), consisting of 50 males and females. 5 mls of blood was collected immediately after slaughter from the severed jugular vein into vacutainer tubes, containing 1 mg of ethylene diaminetetra-acetic acid (EDTA).
The age, sex and specie of each animal were also identified based on morphometric characteristics and recorded in a case book. The samples were transported on icepacks at 4°C to the veterinary parasitology and clinical pathology laboratories, University of Maiduguri for parasitological and haematological examinations.
Laboratory examination
In the laboratory, thin and thick blood smears were prepared on clean glass slides and stained with Giemsa according to standard protocol described by Soulsby (1982) , to screen for the presence of haemoparasites. The stained blood films were examined with oil immersion objective (×100) of a compound microscope (Gupta and Singla, 2012) . Identification of haemoparasites was performed using morphologic characteristics (Soulsby, 1982) .
The packed cell volume (PCV) was determined by microhaematocrit method; haemoglobin (Hb) by Sahli's method; the total white blood cell (WBC) and red blood cell (RBC) counts by Neubauer hemocytometer while erythrocyte indices, mean corpuscular volume (MCV), mean corpuscular haemoglobin(MCH) and mean corpuscular haemoglobin concentration (MCHC) were calculated using standard formula (Brar et al., 2000) .
Statistical analysis
Chi Square test was computed with statistical package for social sciences (SPSS) version 22, to determine the prevalence of haemoparasites and its associations with age and sex of sheep and goats. The student's t-test was performed to determine the difference between mean haematological parameters of infected and uninfected sheep and goats. Significant differences were declared at P<0.05.
RESULTS
The results obtained from this study has shown that out of 200 blood samples of sheep and goats examined, 27(13.5%) were positive for various tick-borne haemoparasites. The results further revealed 13(6.5%) and 14(7.0%) of infected animals were sheep and goats, respectively. There was no significant difference (p>0.05) in prevalence of tick-borne haemoparasites among the different sexes and age groups of sheep and goats ( Table 1 ). The two species of haemoparasites identified in this study were tick-borne A. ovis and B. ovis. There was no significant difference (p>0.05) in prevalence of infection with haemoparasites in sheep and goats. However, the prevalence of A. ovis (11.5%) in both sheep and goats was significantly (p<0.05) higher than B. ovis (1.0%). Furthermore, 2(1.0%) sheep had co-infection with A. ovis and B. ovis (Table 2 ).
The mean values of PCV, Hb and RBC counts of infected and uninfected sheep were significantly (p<0.05) different. Furthermore, the mean PCV (25.54 ± 0.69) was below normal range (27 to 45) of values for sheep (Table  3) . Similarly, the mean Hb concentration and WBC counts of infected and uninfected goats were significantly (p<0.05) different but fell within normal range of values for goats (Table 4 ). Other haematological parameters of infected and uninfected sheep and goats were comparable (p>0.05).
DISCUSSION
The results obtained from our present study revealed that tick-borne haemoparasites are prevalent in both sheep and goats examined at slaughter in Maiduguri. The study further revealed a numerically higher prevalence in female adult sheep and goats than their counterparts. The occurrence of haemoparasites in both sheep and goats in this study may be associated with previous reports on high prevalence of ixodid ticks in livestock in Maiduguri and environs (James-Rugu and Jidayi, 2004; Oparah and Ezeh, 2011; Musa et al., 2014; Paul et al., 2017) . Ticks of the genus Amblyomma, Rhipicephalus including subgenus Boophilus, Hyalomma and Dermacentor, which are potential vectors of Anaplasma and Babesia species in sheep and goats were previously reported in Borno state (James-Rugu and Jidayi, 2004; Oparah and Ezeh, 2011; Musa et al., 2014; Paul et al., 2017) . Furthermore, the sheep and goats slaughtered in Maiduguri are raised under extensive and semi-intensive management systems in outdoor environments graze alongside with cattle. These increase their exposure to the arthropod vectors.
Both A. ovis and B. ovis were identified in this study. A. ovis was the most prevalent species in both sheep and goats. This finding agrees with previous reports (Okaiyeto et al., 2008; Jatau et al., 2011; Adamu and Balarabe, 2012) . The prevalence of these parasites elsewhere in Nigeria was linked with suitable microclimate favouring the propagation of their arthropod vectors (Jatau et al., 2011) . Similarly, the prevalence of haemoparasites in slaughtered cattle in Maiduguri was linked with conditions favouring the bionomics of ixodid ticks (Paul et al., 2016) .
Moreover, A. ovis is a ubiquitous organism that has been reported in all the six continents (Rymaszewska and Grenda, 2008) and especially in the tropics and subtropics, due to the abundance of its tick vectors (Jongejan and Uilenberg, 2004) . The low prevalence of B. ovis recorded in both sheep and goats in this study agreed with previous reports (Bell-Sakyi et al., 2004; Jatau et al., 2011) . This finding could be attributed to the enzootic occurrence of babesiosis in indigenous animals in Nigeria. Sheep and goats usually develop strong immunity in early life and resist subsequent challenges favourably by preventing establishment of the parasite (Soulsby, 1982) .
This study revealed that, infection with haemoparasites in sheep caused a significant (p<0.05) reduction in PCV, Hb and total RBC counts. Furthermore, our results show a significant (p<0.05) reduction in the Hb concentration and total WBC count of goats. The anaemia observed in this study characterized by a reduction in PCV and Hb concentration of infected sheep and goats, is consistent with previous reports. Anosa (1988) reported that, anaemia is a predominant feature that often serves as a reliable indicator for severity of haemoparasitic infections. Rymaszewska and Grenda (2008) observed that progressive anaemia usually develops during anaplasmosis and babesiosis.
Furthermore, Anumol et al. (2011) reported that haemoparasites are responsible for most cases of anaemia in goats. The pathogenesis of anemia in haemoparasitic infections is multifactorial in nature; emergence of parasites from RBC, mechanical rupture of RBC, spontaneous lysis of RBC due to increased osmotic fragility, direct removal of non-infected erythrocytes by phagocytosis and adsorption of circulating antigenantibody complexes to the surface of RBC, leading to their removal by phagocytosis as described by Soulsby (1982) .
The observed reduction in WBC counts of infected goats in this study has been previously reported. A significant reduction in total WBC counts of dromedary camels infected with babesiosis in Saudi Arabia was described by Swelum et al. (2014) . This finding could be linked with concurrent infections and stress which may lead to immune suppression. Helminthosis and bacterial infections are usually encountered concurrently with haemoparasitic infections under field conditions in Nigeria (Okaiyeto et al., 2008; Jatau et al., 2011) , which may complicate the clinical course of haemoparasitic infections.
Conclusion
This study has revealed the presence of important tickborne haemoprotozoan parasites in slaughtered sheep and goat in Maiduguri. The prevalence of A. ovis and B. ovis was accompanied by anaemia in sheep and goats. This finding suggests that A. ovis and B. ovis are common causes of anaemia leading to decreased productivity of sheep and goats in Maiduguri and environs.
RECOMMENDATION
Molecular studies used to characterize Anaplasma and Babesia genotypes and specific tick vectors responsible for the transmission of these parasites in Maiduguri, in other to aid proper planning of effective control measures is recommended.
Meanwhile, vector control with effective acaricides and the periodic screening and treatment of sheep and goats in Maiduguri with suitable antiprotozoal drugs will reduce the impact of tick-borne haemoparasitic diseases which enhance their productivity.
